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ABSTRACT: This study was made to determlne the effectlveness
of the use of lime for treating expansive clay soils under
portland cement cohcrete pavements 'to minimize slab dis- _
tortion or curl cau&ed by m01sture differentials in the clay
basement soil- _

Several: short experlmental sections were constructed
by lime treating the expansive clay soil and reducing the

.cover requirements. The lime treated layer formed a relatively

moigsture resistant layer that prevented water that entered
through open joints from concentrating in the basement soil
near the joint. The treated layer also permitted capillary
moisture to accumulate in a unlform manney.

This progect indicates that lime treatment is a
feasible method of minimizing portland cement concrete pavement
curl due to expansive soils.’

KEY WORDS: Soils, soil moisture, soil stabilization, socil
testing, lime, liming of soils, portland cement concretes,
pavement, slabs, distortion/structural, rigid pavement, riding
uality, nuclear m01sturewden51ty determinatlon,
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. INTRODUCTION

Portland cement concrete .pavement (PCCP) slabs can
become severely distorted as a direct consequence of differ-
ential expansion in the underlying clay soil if proper
preventive measures are not taken. Surface water during
rainy weather penetrates through contraction joints that open
shortly after construction and enter the underlying expansive
clay soils at these joints in concentrated amounts causing
differential swell of the expansive soils, thereby raising
the joints. Slab distortion or curl also occurs due to
temperature changes, shrinkage characteristics of the

aggregate and moisture conditions in the slab. These vari-

ables may act together or oppose each other which would
influence the amount of curl which occurs. This report deals
only with slab distortion due to expansive soils.,

~In 1954, a State highway located near San Jose,
California, experienced severe PCCP curl due to expansive
soils. Differences in elevation of over 3/4" were recorded
between joints and midslab. This curl.phenomena is thoroughly
covered in a report published in 1954. 1

At the present time, California uses Test Method
No, Calif. 3544 for designing the structural section of PCCP
over expansive clay soils. This method utilizes moisture
control and weight of cover to minimize slab distortion due
to expansive subsoils. 1In many areas of the State, cover
requirements of three and four feet with moisture control are
needed,

Prior experiments using lime for treating clay soils
indicated the following beneficial results:

1. Increase in strength of the treated soil.

2. Expansion pressure is reduced to a negligible

amount.

3. The lime treated layer forms a relatively
impermeable layer against moisture intrusion. Any water that
comes through the open joints of the pavement would not be
concentrated in a localized area in the basement soil. In
addition, the lime treated layer would help raise the moisture

content of the basement soil in a uniform manner by moisture

capillarity.
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Due to this experiénce, it was believed that lime
treatment of the expansive clay soil under PCCP would permit
reduction of the structural section thickness and minimize
the magnitude of slab distortion due to differential volume
change of the clay soil by preventing & concentration of
moistures in the underlying clay soils near the joints and
edges of the pavement.

Road 10-8J~580,132 (near Tracy) by standard design
criteria, required three to four feet of cover to control PCCP
curl. Lime treatment was used on the test sections and the
structural section was reduced to 2.5 feet. This report
describes the use of lime for treating the expansive clay
soil. ‘

‘ The test sections were planned so that the untreated
control sections were adjacent to each lime treated sectiom.
Soil samples were obtained and tested during construction.
After completion of the project, profilograph measurements,
profile by engineer's level, and moisture readings were taken
to evaluate the effectiveness of the lime treated sections.

South Dakota3,‘Kansas4, and ColoradoS, have used
lime for treating the clay soils under PCCP and they reported
that slab distortion had been virtually eliminated.

SUMMARY AND CONCLUSIONS

1. This study showed that the lime treated layer
is acting as an effective moisture barrier by preventing
surface water from entering the basement soil.

2. The lime treated layer is also acting as an
effective moisture barrier by permitting the underlying base-
ment soil to reach ultimate moisture content in a uniform
manner within five months thus preventing differential lifting
of the PCC pavement between joints and midslab. After the
basement soil reached ultimate moisture content, the lime
treated layer kept the moisture content in the basement soil
from undergoing seasonal changes.

3. The profile index of the completed portland
cement concrete pavement is rather high for all sections,
including the lime treated sections. However, there is no
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evidence of raised joints due to differential expansicn of
the basement soil which might be attributed to water getting
through the weakened plane joints. '

4. This study indicates that lime treatment can

be used successfully to prevent PCC pavement curl normally
associated with expansive basement soils.

DESCRIPTION OF PROJECT

This study was performed on Road 10-SJ-580,132
which is located in San Joaquin County near Tracy, California
and is near the foothills of the Diablo Mountain Range
(Figure 1). :

The preliminary soils investigation indicated
cover requirements of three to four feet of PCCP structural
section with moisture control in the basement soil to prevent
slab distortion over portions of this road. .

The road is about 7.5 miles in length and is a
four~lane freeway. This report covers that portion of the
project that lies between Station 205+00 and 280+00. (Figure
2). The experimental and control structural section censists
of 0.75' PCCP, 0.33' Class A cement treated base (CTB), 0.17°
aggregate base (AB), 0.75' aggregate subbase (AS), and 0.50'
of lime treated basement soil or 1.00' or 2.00' of imported
borrow material.

MATERIALS AND CONSTRUCTION

Basement Soil The clay basement soils between Stations 205
and 280 varied considerably with respect to their volume
change potential. Table I shows the location, grading, PI,
and R~-values on untreated and lime treated soils.

imported Borrow The imported borrow material was obtained
rom the site of the proposed California aqueduct about a

mile away. The material is a silty clay which was slightly

expansive. Test data for two samples is shown on Table I1I.
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Lime Treatment (LT) The basement soil of the experimental
sections was treated with 47 hydrated lime. One section in
the southbound lane from Station 224 to 251 was treated in
October of 1964. Heavy raims fell the day after the mix

was compacted and sealed with 0.25 gallons per square yard

of MC~250. The moisture content of the lime treated mix was
around 327 during construction. The weather was warm and
sunny for extended periods during the next six months but
there were also periods of very heavy rainfall totaling about
16 incnes. A visit to the project in March 1965, indicated
cracking throughout the lime treated portion of the roadway.
This is illustrated in Figure 3A. Moisture samples taken in
the lime treated layer six months after construction indicated
varying moisture from about 16 to 32%. The moisture in the
untreated basement soil, beneath the lime treatment, was alse
quite varied and much lower in most cases. 1t is believed
that this was due to the difference in material and in moisture
content of the cut or fill sections.

The cracking was probably due to dryinmg and coense-
quent shrinking of the lime treated material. As a comparison,
Figure 3B shows cracking in the native soil. The extensive
cracks indicate the clayey nature of the soil. The north-
bound lanes were also treated with 4% lime at a moisture
content of about 32%. It was not known if this section also
cracked since the subbase layer was placed shortly after the
lime treatment. This work was performed during March, 1965,

Subbase Material The subbase material was furnished by the
Pacific Goast Aggregate plant near Tracy. It conformed to the
Class 2 requirement of the 1964 Standard Specifications.
Generally, the aggregates had around a 70 to 80 R-value and
had less than 107 passing the number 200 sieve. The maximum
size aggregate was 2-1/2 inches.

Base and Cement Treated Base. The aggregate used for the
untreated base came trom the same source as the subbase
material. The material was 3/4" maximum size. The cement
treated base was constructed with 4% cement.

Portland Cement Concrete Pavement The aggregate came from the
same source as the subbase material. A five-sack mix was
used for the pavement. A slip form paving machine placed 24
feet of pavement in one pass.

www . fastio.com
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The aggregates grom this source possess high
shrinkage characteristics This causes curling in the con-
crete pavement when a moisture differential develops between
the top and bottom of the slab. Temperature differentials
also cause slab curl but this tends to be more of a daily or
seasonal variation.

NUCLEAR INSTALLATIONS FOR MOISTURE DETERMINATIONS A nuclear
method, described on page 8 of this report, was used for
determinlng moisture variations in the layers of the structural
sections. This eliminated the need for cutting numerous cores
in the PCC pavement.

Sixteen locationg in the untreated and treated
sections were selected for installation of access tubes for
determination of in-place moisture with a nuclear device.
Eight locations were placed near midslab with the remaining
eight placed near the adjacent sawed joints,

The following Table 111 shows the locations of the
16 installations.
o TABLE 111
LIME TREATED SECTIONS
Station 217+45 Northbound outer lane Midslab

Station 217454 Joint
Station 254+33 " n " Midslab
Station 254+42 " " " Joint
Station 227+25 Southbound " " Midslab
Station 227+16 " " " Joint
Station 235+70 L " " Midslab

- Station 235+61 " " " Joint
| UNTREATED SECTIONS |
Station 225+08 Northbound outer lane Midslab

Station 225+17 " " " Joint
Station 242466 " " " Midslab
Station 242+75 " " " Joint
Station 217415 Southbound " " Midslabd
Station 217406 " " " Joint
Station 254+56 1 " '* Midslab

Station 254+65 " " " Joint

ClHIhPDF = wynw.faslio.com
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Figure 4 shows the type of installations that were
placed. Figure 5 shows the type of nuclear device used for
waking the moisture measurements.

Table IV shows the chronological data for construction
operations, nuclear moisture determination and rainfall.

TABLE IV
CHRONOLOGICAL DATA

Summer & Fall of 1964 ~woew-mw- -==« Earth Moving and Grading

Operations
' Rainfall _
Detober 1964 0.95" Lime Treatment completed

between Stations 224 and 251
on the Southbound Lanes.
(Before Rains)

- www.fastio.com

November 1.52"

December 2.29"

January 1965 1.28"

February 0.47" :

March 1.36" Lime Treatment completed
between Stations 210 and 224
and 251 and 271 on the

- Northbound Lanes.

April 2.06" Imported Borrow placed

May 0 Aggregate Subbase placed

Ju?e 0022" Cement Treated Base placed

Ju .

Augzst 0.31"

September 0 Pgrtlgnd Cement Concrete

' ace

October 0.03" P

November 2.84" Installations for Nuclear
Determinations completed and
Initial Readings made before
Rains.

December : 1.66"

January 1966 0.98"

February 1.06"

March 0.14" Nuclear Determinations for
Moisture

April 0.34"

May & 0.09"

June 0.09"

JUIY 0»23"
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August o 0
September 0
October . 0
November ~1.69" Nuclear Determinations for

Moisture

ANALYSIS‘OF DATA ON MOISTURE DETERMINATIONS

Tables V, VI and VII show the moisture content of
the roadbed at various depths below profile grade taken in
November 1965, March 1966, and October 1966, for both the
lime treated and the untreated control sections.

Figuresré,'7, and 8 show average moisture contents
at selected depths taken from Tables V, VI, and VII. These
figures indicate the following:

1. The aggregate subbase in the lime treated
section (Figure 6) shows a much higher moisture content than
in the untreated control sections.(Figures 7 and 8). This
indicates that the lime treated layer is acting as an effective
moisture barrier and preventing the surface water from
entering the basement soil. ‘

2. The moisture content at the joints and midslab
generally show an increase from the November 1965 to the
March 1966 readings. The readings between March and October
1966 indicate a general moisture equilibrium condition has
occurred and the change in moisture for joint and midslab
parallel each other. This shows that the moisture contents
of the basement soils increased almost equally undexr the
joints -and midslab of the PCC pavement and then did not
undergo seasonal moisture changes. Therefore, there should
be no differential rise in pavement between joint and midslab,
due to expansive basement soils,

3. The basement soil moistures are considerably
higher in the lime treated section than in the untreated
control section. It is believed that this is due to the
moisture vapor condensation phenomena that is occurring under
the relatively impermeable lime treated layer. -This is a
desirable feature of lime treatment since uniform elevation of
moisture in the basement soil minimizes PCCP curl or distortion

-10-
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due to differential swelling. This phenomena does not occur
in the untreated control sections since there is a 12" perme-
able layer of aggregate subbase directly over the fine grained
imported borrow and basement soil.

PRINCIPLES OF OPERATION OF THE NUCLEAR DEVICE
FOR MOISTURE DETERMINATION

The model P-19 subsurface moisture probe is designed
primarily for measuring moisture in soils at depths from the
surface to 200 feet below the surface.

The device contains a radiation source which pro-
duces fast neutrons and a detector which is only sensitive
to slow neutrons. Hydrogen in the moisture contained in the
soil is responsible for changing the fast neutrons to slow
neutrons. A calibration curve is used to interpret the
relationship between the counting rate and relative moisture
concentration. :

The moisture probe provides measurements which are
accurate within + 2% moisture.

The probe may be operated in a temperature range
of -20F to +130F in any normal density soil.

PROFILOGRAPH MEASUREMENTS

Initial profilograph measurements were made on
the road about two months after the paving was completed.
The California truck-mounted profilograph was used to make
the measurements (Figure 9).

The contract specifications set a maximum Profile
Index’ of 7.0 inches per mile with no bumps exceeding 0.3
inches. Some areas had to be ground to meet this requirement.
Profile measurements were made after grinding. The following
Tablg VIII shows the Profile Index values for the various
sections.

11~
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TABLE VIII

Profile Index
Station Type of Section

North Roadbed

251-271 © Lime 5.7 9.4
230-251 1.0 1B 4.9 7.0
211«224 Lime 4.6 9.1

' Squth Roadbed
- 211-224 2.0 1B ' 5.0 5.9
224-251 * Lime . 6.1 11.5
251-274 : 1.0 1B 1.5 1.8

The profile index taken on December 28, 1965 shortly
after the PCC pavement was placed, showed fairly high values.
For some unexplainable reason, the lime treated sections
showed the highest values. The profile index taken six months
later on June 16, 1966, showed increases for all sections.

Since the profilograph measures all surface roughness, it

was decided to take profiles at locations of high values with
an engineer's level to determine the type of roughness. Figures
10 and 11 show the plots of the measurements. While there are

a few high joints, they appear to be peaks in the grade and not
curled slabs. Therefore, the roughness must be attributable

to some other cause than moisture differential in the basement
soil caused by water getting through joints in the PCC pavement.

The riding quality‘of the test sections is good with
no perceptible bumps at the joints.

ClihPDE ~wivw Taslio.com
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I.ime Treated Section
Percent Moisture

TABLE V Continued
MOISTURE DATA BY NUCLEAR GAGE
Road 10-SJ-110 SBL
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Figure 4

'SCHEMATIC SHOWING METAL TUBE
INSTALLATION FOR NUCLEAR
DETERMINATION OF MOISTURES

CASING GROUTED WITH
CONCRETE. (CAP IS
REMOVABLE)

N 0.75' PCCP

0.33' CTB
0.17' AB
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8!_0“ .

15/8"ID | LIME TREATED
THINWALL OR

METAL TUBE, IMPORTED BORROW
0.035 WALL | .
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Figure 5
NUCLEAR PROBE
FOR DETERMINING MOISTURE
(MODEL P—19)

TO SCALER
% | OVERALL DIMENSIONS:
| APPROX. 1} DIA.,

x 16" LONG

SLOW NEUTRON COUNTER
- TUBE (DETECTOR)

(Q\ FAST NEUTRON RADIATION

SOURCE.
(C TRANSISTOR PREAMPLIFIER

) LEAD SHIELD

NOTE: DETECTOR WILL ONLY
PICK UP SLOW NEUTRONS
WHICH HAVE REACTED
WITH THE HYDROGEN IONS
IN H,O0.

= ——

ks

FAST NEUTRONS

SLOW NEUTRONS
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Figure 6

AVERAGE PERCENT MOISTURE AT 4 LIME TREATED LOCATIONS
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Figure 7

' AVERAGE PERCENT MOISTURE AT 2 UNTREATED LOCATIONS
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Figure 8

AVERAGE PE.RCENT MOISTURE AT 2 UNTREATED LOCATIONS
4' CONTROL SECTION
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Figure 9
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Figure
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